
AD-A092 975 ARNOLD ENGINEERING DEVELOPMENT CENTER ARNOLD AFS TN F/6 20/4

STATIC FORCE TESTS OF THE AEDC-VKF STANDARD S DEGREE CONE ZN TU--ETC(U)SEP 79 J T BEST

UNCLASSIFIED AEDCT9-V51NL

E-EI/l/EE/l/ElE
mhhEEEEmhohhEIno o•mmsm



11111 .0 ,Ifl|i.0
11II1mo

1111 111'1340III~lN III iIm

MICROCOPY RESOLUTION TEST CHART
NAIC)NAL BUR A1 O SIANOARD N3, A



AEDC-TSR-79-V51

___STATIC FORCE TESTS OF THE AEDC-VKF STANDARD
________5 DEGREE CONE IN TUNNEL A AT

____MACH NUMBERS 1.5 TO 4.0

_____J. T. Best
ARO, Inc.

allOt September 1979 A
Final Report for Period April 30 to August 1, 1979

Approved f or public release, distribution unlimited.

ARNOLD ENGINEERING DEVELOPMENT CENTER
ARNOLD AIR FORCE STATION, TENNESSEE

AIR FORCE SYSTEMS COMMAND
UNITED STATES AIR FORCE

- -- ~... -- 80 12 17 03i7



i Ii
NOTICES

When U. S. Government drawings, specifications, or other data are used for any purpose other

than a definitely related Government procurement operation, the Government thereby incus no 3
responsibility nor any obligation whatsoever, and the fact that the Government may have

formulated, furnished, or in any way supplied the said drawings. specifications, or other data, is

not to be regarded by implication or otherwise, or in any maner licensing the holder or any
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NOMENCLATURE

A Reference area, 28.274 in.
2

AB Base area, 28.274 in.
2

A.C. Aerodynamic center location, body axes, inches
from model nose, XMRP-(CLM-A * L/CN-A)

A.C.P Aerodynamic center location, missile axes, inches
from model nose, XMRP-(CLMP-A • L/CNP-A)

ALPHA Angle of attack, deg

ALPI Indicated sector pitch angle, deg

ALPP Total angle of attack, missile axes, deg

BETA Sideslip angle, deg

CA Forebody axial-force coefficient, body axes,
CAT-CAB

CAB Base axial-force coefficient, body axes,
-AB(PBA-P)/Q • A

CAP Forebody axial-force coefficient, missile axes

CAT Total axial-force coefficient, body axes, total
axial force/Q • A

CLL Rolling-moment coefficient, body axes, rolling
moment/Q • A • L

CLLP Rolling-moment coefficient, missile axes

CLM Forebody pitching-moment coefficient, body axes,
pitching-moment/Q * A - L

CLM-A Slope of CLM versus ALPHA curve, deg -

CLMO Value of CLM at CN = 0

CLMP Forebody pitching-moment coefficient, missile axes

CLMPO Value of CLMP at CNP = 0

- CLMP-A Slope of CLMP versus ALPP curve, deg
- 1
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CLN Yawing-moment coefficient, body axes, yawing-
- moment, Q • A • L

CLNO Value of CLN at CY - 0

CLNP Yawing-moment coefficient, missile axes

CLNPO Value of CLNP at CYP - 0

CN Normal-force coefficient, body axes, normal
force/Q - A

CN-A Slope of CN versus ALPHA curve, deg
"1

CNP Normal-force coefficient, missile axes

CNP-A Slope of CNP versus ALPP curve, deg -1

CODE Model configuration number

CONFIG Model configuration designation

CY Side-force coefficient, body axes, side force/Q A

CYP Side-force coefficient, missile axes

L Reference length, 34.29 in.

LM Model length, 34.29 in.

M Free-stream Mach number

NCP Normal-force center-of-pressure location, body axes,i inches from model nose, XMRP - (CLM - CLMO) , L/CN
NCPP Normal-force center-of-pressure location, missile

axes, inches from model nose, XMRP -(CLMP-CLMPO) *. L/CNP

P Free-stream static pressure, psia

PBA Average base pressure, psia

PBD Fast response base pressure, psia

PBl-PB4 Base pressure, psia

PHI Roll angle, deg

PHI1 Indicated roll angle, dog

PN Data point number

PT Tunnel stilling chamber pressure, psia
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. Q Free-stream dynamic pressure, psia

RB Model base radius, 3.00 in.

RE Free-stream unit Reynolds number, ft-1

RN Model nose radius, in.

RUN Data set identification number

T Free-stream static temperature, OR

TDPC Dew point temperature as measured by Cambridge
Instrument, OF

TDPD Dew point temperature as measured by Dupont
Instrument, OF

TT Tunnel stilling chamber temperature, OR

TXL Tunnel axial location of model nose (see Fig. 4), in.

XMRP Distance from model moment reference point to
model nose, in.

YCP Side-force center-of-pressure location, body axes,
inches from model nose, XMRP - (CLN -CLNO) - L/CY

YCPP Side-force center-of-pressure location, missile
axes, inches from model nose, XHRP- (CLNP -CLNPO) • L/CYP

* i-

r" 4
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1.0 INTRODUCTION

The work reported herein was conducted by the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (AFSC), under
Program Element 65807F, Control Number 9T03-00-9. The results were
obtained by ARO, Inc., AEDC Group (a Sverdrup Corporation Company),
operating contractor for the AEDC, AFSC, Arnold Air Force Station,
Tennessee. The test was conducted in the von Kfrm~n Gas Dynamics
Facility (VKF), Tunnel A during the period of April 30, 1979 through
August 1, 1979 under ARO Project No. V41A-07.

One objective of this test was to provide data for the "high
quality" data bank of the VKF standard 5-deg cone in Tunnels A, B, and C.
The standard cone model (and data bank) will be used for defining test
section flow nonuniformity effects and evaluating the performance of
the total system (balance-support hardware, model dynamics, data acqul-
sition systems, data reduction techniques, etc.) on a routine and
systematic basis using "selected" test installations. Table 1 shows
the proposed data bank with the data obtained in previous tests* and
also including the results of this test. Another objective of the test
was to determine the effects on static force data of the following:
tunnel-nozzle jack setting errors, tunnel-flow humidity, and tunnel-
sidewall misalignment.

The test was conducted in two phases: The finless configurations were
tested in Phase I, and the finned configurations in Phase II.

Static stability, axial force, and base pressure data were obtained
at , = 1.5 through 4.0 in Tunnel A for Reynolds numbers from 0.6 x 106/ft
to 3.7 x 106/ft. The angle-of-attack and angle-of-sideslip range was
-11 to 11 deg and the roll angle ranged from -180 deg to 180 deg. Model
flow-field photographs were obtained on all configurations at selected
model attitudes and test conditions.

Inquiries to obtain copies of the test data should be directed to
AEDC/DOOV, Arnold Air Force Station, Tennessee 37389. A microfilm record
has been retained in the VKF at AEDC.

2.0 APPARATUS

2.1 TEST FACILITY

Tunnel A (Fig. 1) is a continuous, closed-circuit- variable density
wind tunnel with an automatically driven-flexible-plate-type nozzle and
a 40- by 40-in. test section. The tunnel can be operated at Mach numbers

from 1.5 to 6 at maximum stagnation pressures from 29 to 200 psia,
respectively, and stagnation temperatures up to 750°R at Mach number 6.
Minimum operating pressures range from about one-tenth to one-twentieth
of the maximum at each Mach number. The tunnel is equipped with a model
injection system that allows removal of the model from the test section

*Jenke, Leroy M. "Static Force Tests of the AEDC-VKF Standard 5-Deg

Cone in Tunnels A (Moo= 3.0 to 5.5) and B (Mm = 6)." AEDC-TSR-78-V20,[August 1978.

p 5

- . . .. ..



while the tunnel remains in operation. A description of the tunnel and

airflow calibration information may be found in the Test Facilities

Handbook*.

2.2 TEST ARTICLE

The standard cone model (Fig. 2) is a 5-deg, half-angle cone with

a 6-in. base diameter fabricated from stainless steel. There are two

basic interchangeable nose sections: sharp(O.002-in. spherical radius),

and 12.5 percent blunt (R%/RB - 0.125). The virtual length of the sharp

cone is 34.290 inches and the model wall thickness Is typically 0.25 in.

Boundary layer trips (Fig. 3) were used to ensure a fully turbulent
boundary layer over most of the model surface. These trips were
machined on the sharp nose configurations and consisted of grit applied

on the blunt nose configurations. A cylindrical section with four rec-

tangular fins was also provided (Fig. 2). A wide range of balance

adapters exist to fit the model to most VKF balances (normal load range

from 80 to 1000 lbs). The model components designation is presented in

Table 2. The model installations in the tunnel for Phase I and Phase II

are shown in Figure 4.

2.3 TEST INSTRUMENTATION

The measuring devices, recording devices, and calibration methods

used for all measured parameters are listed in Table 3 along with the

estimated measurement uncertainties. The fast-response base pressure

measurement (PBD) taken during continuous-sweep runs was made with a

low-volume transducer. This transducer was used to measure the base

pressure trend from a static value obtained by averaging PB1-PB4.

3.0 TEST DESCRIPTION

3.1 TEST CONDITIONS AND PROCEDURES

3.1.1 General

A summary of the nominal test conditions at each Mach number is
given below.

M PT, psia TT, *R Q, psia P, psia REx 10-6 /ft

4.0 46.9 600 3.46 0.31 3.7
3.75 41.2 600 3.75 0.38
3.25 30.2 580 4.20 0.57
3.0 26.4 4.53 0.72
3.0 11.4 1 1.96 0.31 1.6
2.75 23.2 4.89 0.93 3.7
2.5 20.3 5.20 1.19 4r
2.5 8.8 2.25 0.52 1.6

2.25 17.9 5.49 1.55 3.7
2.0 14.6 545 5.23 1.87
2.0 13.8 4.94 1.76 3t5
2.0 6.3 2.25 0.81 1.6

1.75 13.2 5.32 2.48 3.7
1.62 12.7 5.33 2.90
1.5 12.3 5.28 3.35

Li 1.5 5.3 2.27 1.44 1.6

*Test Facilities Handbook (Eleventh Edition). "von KMrm~n Gas Dynamics

Facility Vol. 3" Arnold Engineering Development Center, June 1979.
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At some test conditions, particularly at subatmospheric stag-
nation pressures, the humidity level of the tunnel flow affects the

test section Mach number. The Tunnel A sidewall Mach number probe is
used periodically when testing at these conditions to monitor devia-
tions from the standard calibrated Mach numbers. When a deviation
is measured, the free-stream conditions are corrected and the actual

Mach number is printed on the data tabulations.

A test summary showing all configurations tested and the variables
for each is presented in Table 4.

In the VKF continuous-flow wind tunnels (A, B, C), the model is

mounted on a sting support mechanism in an installation tank directly
underneath the tunnel test section. The tank is separated from the
tunnel by a pair of fairing doors an4 a safety door. When closed, the
fairing doors, except for a slot for the pitch sector, cover the open-
ing to the tank and the safety door seals the tunnel from the tank area.
After the model is prepared for a data run, the personnel access door

to the installation tank is closed, the tank is vented to the tunnel
flow, the safety and fairing doors are opened, the model is injected
into the airstream, and the fairing doors are closed. After the data
are obtained, the model is retracted into the tank and the sequence is
reversed with the tank vented to atmosphere to allow access to the

* model in preparation for the next run. The sequence is repeated for each
* - .configurat;ion change.

teModel attitude positioning and data recording were accomplished with
the point-pause and sweep modes of operation, using the VKF Model Attitude

4 Control System (MACS). Model pftch and yaw requirements were entered into
the controlling computer prior to the test. Model positioning and data
recording operations were performed automatically during the test by

selecting the list of desired model attitudes and initiating the system.

The effects on static force data of tunnel-nozzle jack setting errors,
tunnel-flow humidity and tunnel-sidewall misalignment were studied as
follows. Tunnel-nozzle jack setting errors were simulated by driving

specific jacks off their nulled position 0.050"or 0.075 inches toward the
* tunnel centerline. The test summary, Table 4, denotes which jacks were

driven and the amount. Figure 5 shows a view of the Tunnel A nozzle with
.1 the identification and location of the nozzle jacks. Tunnel-flow humidity

effects were obtained by opening atmospheric intake valve (007) and by-
passing the driers normally in the tunnel circuit. Data were obtained
periodically as the dew point temperature increased. The effects of

tunnel-sldewall misalignment were simulated by placing a strip of aluminum
tape 0.005 inches thick on the non-operating sidewall from the top to the
bottom of the tunnel. A 0.010-inch step was simulated by using two strips

of tape. The location of the leading edge of the tape is shown in Fig. 4b.

)
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3.1.2 Data Acquisition

Data were recorded in either the point-pause or sweep mode of
operation, using the MACS. The mode for each data group is identified
in the test summary (Table 4).

The point-pause data were obtained for finite values of ALPHA, PHI,
and/or BETA with a delay before each data point to allow the base pressures
to stabilize. Each data point for this mode of operation represents the
resultant of a Kaiser-Bessel digital filter utilizing 16 samples taken
over a tire span of 0.0208 sec. For the retract data, a data point was
automatically taken every 2 seconds as the model was retracted from the
tunnel to obtain a data point approximately every inch in TXL.

The continuous-sweep data were obtained for a fixed value of PHI
with a sweep (ALPHA) rate of 0.5 deg/sec or a fixed value of ALPHA with
a roll (PHI) rate of 3.0 deg/sec. A data sample was recorded every 0.0208
sec, and 16 samples were applied to a Kaiser-Bessel digital filter to
produce a data point every 0.156 and 0.936 deg in pitch and roll, respec-
tively. The data were then interpolated to obtain the data at the
desired model attitudes.

3.2 DATA REDUCTION

The cone static force data were obtained by utilizing the tunnel data
acquisition system as described in Section 3.1.2. The force and moment
measurements were reduced to coefficient form by using the digitally filtered
data points and correcting the first- and second-order balance interaction
effects. The coefficients were also corrected for model tare weight and
balance-sting deflections. Model attitude, tunnel stilling chamber
pressure, and fast-response base pressure were also calculated from
digitally filtered values.

The aerodynamic force and moment coefficients are presented in the

body and nonrolling body (missile) axis systems. For the missile axis
* system, the normal-force direction is always in the pitch plane of the

tunnel and normal to the longitudinal axis of the model. In the body
axis system, the pitching and yawing moment coefficients are referenced
to two points on the model centerline which were (1/2) LM and (2/3) LM
from the model nose. The missile axis data were calculated from the
body axis data referenced to the (2/3) LM moment reference point. Model
length (34.290 in.) and base area (28.274 in.2) were used as the
reference length and area for the aerodynamic coefficients.

For selected runs, the body-axis data which were referenced to the (2/3) LM
moment reference point were corrected for small tunnel-flow nonuniformities.
The corrected data were then used to evaluate center of pressure locations.
Those runs whose data were corrected are identified in the Test Summary,
Table 4.

8
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3.3 UNCERTAINTY OF MEASUREMENTS

In general, instrumentation calibrations and data uncertainty estimates
were made by using methods recognized by the National Bureau of Standards
(NBS).* Measurement uncertainty is a combination of bias and precision
errors defined as:

U = ±(B + t9 5S)

where B is the bias limit, S is the sample standard deviation, and t9 5
is the 95th percentile point for the two-tailed Student's "t" distribution,
(95-percent cenfidence Interval) which for sample sizes greater than 30
is taken equal to 2.

Estimates of the measured data uncertainties for this test are given
in Table 3a. With the exception of the force and moment balance, data
uncertainties are determined from in-place calibrations through the data
recording system and data reduction program. Static load hangings on the
balance simulate the range of loads and center-of-pressure locations
anticipated during the test, and measurement errors are based on differences
between applied loads and corresponding values calculated from the balance
equations used in the data reduction. Load hangings to verify the balance
calibration are made in-place on the assembled model.

Propagation of the bias and precision errors of measured data through
the calculated data was made in accordance with the reference noted below, and
the results are given in Table 3b.

4.0 DATA PACKAGE PRESENTATION

The data package contains tabulated model aerodynamic force and moment
data presented in the body and missile axis systems. Sample tabulations
of the data found in the data package are given in Appendix III.

The body axis data about the (2/3) LM moment reference point ire
presented twice for some runs. These data are presented both corrected and
uncorrected for tunnel-flow nonuniformities. For the runs in which tunnel-
flow humidity effects were being studied, these data are presented both
corrected and uncorrected for the tunnel-flow humidity effects on M and PT.
The corrected data for these cases are marked accordingly.

One copy of the data package was given to AEDC/DOOV, Arnold AFS,
Tennessee 37389. A microfilm copy was retained in the VKF at AEDC.
Copies of the photographic data and installation/configuration photographs
were also retained at the VKF.

*Thompson, J. W. and Abernethy, R. B. et al. "Handbook Uncertainty in

Gas Turbine Measurements." AEDC-TR-73-5 (AD755356), February 1973.
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a. Tunnel assembly

b. Tunnel test section

L Fig. 1 TunnelA
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TABLE 2

MODEL CONFIGURATION DESIGNATION

Nose Designation (NXX.X)

NOO.0 sharp nose
N12.5 spherically blunted nose(RN/RB - 0.125)

Boundary-Layer Trip Designation (TXXX)

T30C machined trips, hmax - 0.030 in.

T06R grit trips, hmax = 0.006 in.

Fin Designation (FX)

FO no fins or body extension
F2 two fins (horizontal plane)
F4 four fins

Base Plate Designation (BX)

BO no base plate

21
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Table 4. Test Summary

• I~~ ~ ~ ~ ~~RN N I . , I R.FoR . c orA 6 6 i I
FOR EACA C-ONIaPP

tK"A AE NOO.O N%2.S WOO.0
IV YPE Pbil ALPPA rTXL Q....1 7 ru0C roER4 T30C R 1EA A Rr.5

POLAP -F0 FO P 4.POLAK 80 80 SO

4.olI 0' 47 . 0 .7 500
v" I VI I ol
V+ Soz

- 5o-- - -%__IS1O V" 504

3.75 PmA 0 OR 505

V+ 5os

P*r I V-- 0- _ So_

. P I 0 0' 1 51I0
- I: : V + 5 1 1

:. V" 512

i tol V" 0 5 .
3.tt oL 0 =  0o 515 811

)L! 69 51G "

_V+ _C&, 517 I

- ~ IS - v - 519 814-_ _ _ _ _

)j0 0r V90 _rv -- _____&40 _

hGq,

j: I0 / -O - |~ - l~ ___ _

ITL 0 0 Vsq 1 0r41 11 ,,+4

PHI V" 0 47- 81u

LV -5 8-1-
, "X v 0 oe

- - oi 4 Z.-7 -kfe W 83 Av MC VhuIIIA~ vDA I• XL 0 0 8W LLI

E Point Pal.e x Run. presented correeted and
- Continuous Sweep (-) to (+) uncorrected for nonunitormitiee
+ Continuous Sweep (+) to (-) A Runs presented correet d and

28 uncorrected for tumidityI2



Table 4. Continued

FOR -c GOV 2
REA NOO.0 N12-0.0 A I

IMTy r PIA ALPIA L T"OCd REsiAot
POIAR Do so 50

3.0 PHI 7- x 83 2-no ah *Ie

-rx) 0 Q Y I1 4
_ PHI. V- 0 4 7 1 _____, RMC n#A1;L- Ir.
! 'TxL! o o 842

0 "'1 82 7 '1.,"K 3,5 ___ __.,._

V+ 1 
828

_ I -V"822_

- Lb 0 0Y - 826-

PHI yj o 4- - 83if I__-__ __oo_______

V 85 8._
ALPHA! 0 o* SO! '.elm. 27 -A &,,uSe

I. V+I___________

ISO V" 822
! TXL! 0 0 vo 82

I I V+ Y 5 8,241,

-i!! Cotnos Swe,- o()ucretdfr~nnfrst

V +

v 2

2 .5 - 0, v- - , o8
V .

€ ~- -§8 :

Spoint p~atse x Runs premented c:orreted and

-continuous sweep ()to ()uncorrected for mnmnformitles
+ Cont~nuotie Sweep (4)to -) A Runs prepented enrrected and

uncorrected for Involdity
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Table 4. Contiued

RtAN Nu~nIBtS

___FOR C4ui C-oI$' .3
br RE' Noo.O N2.S ,OO.O

14 'TYPE PAI AL A rXL c.R. .. UO- 7066 T30C REAARM.
POtAK I O TO P 4

2.75T"XL 0 o V 1 8.o .. r_54
2.5 At.A o* ,47 - - 072 s2BI I " 1 v1 G#73

V+ C.7- ___1 V- "re 7. 530

IOo V- - 7 531
-10 V " "r.77-90 V_ _78

0 V" - G 79
PlaI V- 01 gr8o

V- to F' %S1
ALPHA 0 V" o._ _ __e

&... V-1~ if 683--'TXL 1 0 d) , I V 8. 0 C84

, V+ 42 1 532

1 .L~ _10 _ 5341
10 o 147 1. r _ I z

I V+  52541V- 52G.80 V 527

2.25 0 tom 3.7 G,8 535

± v-~i~~ I 7 - __ __ __

*_ 1e J- G70 53-

"TXL 0 0 V__ 671

2.0 A .. o o -_ - B 0V 3I -I

* Point Pause x Runs prem.nted corrveted and
- Continuous Sweep C-) to (+) uncurrected for nonntformities
+ Continuous Sweep (-) to (-) A Runs preonted rorrected and

uncorrected for humidity
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Tsble 4. Continued

ft&IkJ NIAMS&IU

DA7A RE Noo.O N%2.S o0.0M
\ IIYFE PAI Fl.lA 'TXL C.R. 6 ISO-G -ro6A TOOC REAAA-.x 16 W oVa F4

POLK 80 so .so

2.0 MI)M 0 Vt 4.7 15. j3.7 54- 

TXL 0 0 V* G 13 .
ALRAI - q0 V- 4-71 _ " ~ ....

Pz V" 1 1 'er ID
V.* 1o0G0

'~1 0 OV- 0.O ,5315=

I0 IV .;.-5
2kv+J au !5,5c

- 5 V- s 352 2

VX L 0 0 V 64-o
---4.-7 5- 7 __ TDP- +.24!

V+ I V sea

0 0 It 3.7 A_572 P -_ _,

I V_ _ "-7 a 76;3
I' V-"

A

TXL 7Q0 0 V- - 7 __

* Point Pause x Runs prefented co-rrted and
- Continuous Sweep (-) to (+) uncorreeted for nnuniformte
+ Continuous Sweep (+) to (-) A Runs presented corrected and

uncorrected for humidity

31



Table 4. Continued

- -- - - - - ~~~ Pop EACAt C..ON$IP _ _ _ _ __ _ _ _

DATA RE No;.O N 1 .W#.0
"TYPE PRI ALPMIA rXL r.R. -T *300o T61k T3OC REAAAMX.S
P O LA R 5 0 , s o B O

2.0 p gA o i 4 u.o .3.7 1'5%. 1 764 -1PP" 4-3a
i 0 V- Io II '5

P_._ v" 0 +Q I _- A 770

- LP 0wQ. 0'A - ? __D +10_1D

4' L _ _ _TP + % Go
o __"_ __5__o_ _"_ __'

V- 
A.. - -- 58 2 __ '772 __ / _ __ _ _

PHI " " 73

VT'L 0 0 7 774
8LP41. 584-8 -VP ,+ 24.'V+ I "5 8S '77-5 i

V- - ___+

L v I. ? - - - ___ _ __ _ _ _ _

V c746

_ ";L__ _ __ _ __ _ __ _ _

". ISO V" 6 17 .,

V V+  5

/ -... ... 7

.A M , 0 V- 42 20 7 54.

PH' V - 0 . B7,55.

. v+ t =I/ ' .,,

Point Paine x Runs presented corrected and
- Continuous Sweep (-) to (+) uncorrected for nonuniformitles
+ Continuotin Sweep (+) to (-) A Runs presented corrected and

uncorrected for humidity
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Table 4. Continued

R'AN (VU.mBEkS

IA RE Noo.O N2.5 WO0.0
"IYPE PRI ALPIVA "TXL r..P. .. T30 rOcGR TBOC REMARKSPOLA oO F0 F4.

2. IWO 0 1V- 38 1 5. 3.51 58
pof~~8 I800 1 1

V2 5 We: , .
v- -5 76 1_ _

AiLPH1A 0 V- 3712

APAA1 0 V- 1 4-7 1, -Z-cA 31 &1 A:+.oso

i n 0 v G 5-
P 0 0 P.32 ck-f A= 0o7

0 Q 1 771 TccY BG A .

. .- - - 631 7
ito. V

IPr __ - -l1

v~t 5 S'784._ _

v--, _ _ _ -76

-[- o 0' 4 re 5 K3. 7f A8+re

0 0- 4-7 6rC_ aA_
I _- V- 

_ 1 
_ _

P.r .LL o , ,

V+ -5 7 oo

P14 v - ] -0 ! 7 , ,

+ Contlnuoun Sweep (+) to (-) ,A Rune prt'unted vorrvct'd nnd

33 tncorrected for hu'ildity
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Table 4. Continued

fR~avi Na&m S
".. ER4 COA-'IG"7

bAA -E Noo.o N'2.s JO.o
I "YPE I ALPPA r XL C.R. '(1-. OC T FO4.C
POLAK o 0 1 .o

2.o 'TXL 0 0 V i I.oI ot.YoCK. 3. d, 802 ..O.O

i AL4PHA 0 V" 39 I1e
R V- 0 1  S,4-

' tV- -5 606 f

AL O 0 -- -- -02 TAPE = .o5'

I V+ '703
V*'704 ________

P141 \1 7071 __

~L V+ 5 '711 __ _ _ _ _ _

%4. t o 10 __0_ __1

IXL 0 o zyl o__ _

P1 0 t - -T- - t-

6L- M 1 ~ Z~. 0 73o

- - - 73
181D V- 733

I " I 73

V- -.5 7 - -.

"TXL 0 0 V "73?

APO o V- 4-2 _ _

PH, V 0 - 73 _
+ V 5 "212 ,

- - - - - -'74

* Point Pause x Runs presented corrected and
- Continuous Sweep (-) to (+) uncorrected for nununiormitice
+ Continuous Sweep (+) to (-) R )uns preoened c'orrected and

uncorrected for humidity
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Table 4. Continued

R'N NIAt lER5 1
__ ___FoR E4U4 C OArJI J

AE Noo.O N'%2.5 WOO .O
I YPE P LMA -XL C"R. X 1 0 rOG T30C REAP,. -S

PoLK o FO F4
P0 s o Bo

2.0 ALM'1A 0 1 1742 ,-rAPE= .o f

Nx V - 0 2 743 ISV+ 5 9744

L7~ V-~ ... 5 94-5--~Z'4-5
1 o 4-7 B 4. 555

I I V+  I& 5

v GGG 557180 V- 559

G AL 0 O'o
I V+  -II

J- V-

. P 0GA55

V - 56-1

115 V 5rGo

0/ v- o ,

14 V " 0 ,5as .
+ V 10 5G

APA0V- o Gs7

IIo V- ()., as '

o o au__ _ __ __ __ __ _

o9 v* _____-__ _,__
'TL 0 v 80 r5

- OW D DQ -' 47 -rpB ___ +2_________

0- ~ + 7fI.9594-

* Point PaIe x Runm. pr ,..t.id corrp'tt'd nnd
- Continuous Sweep (-) to (+) uncorrecte'd for . mmiIformities
+ Continuous Sweep +) to (-) A Runs preeirl ., eorrected a.d

uncorrected rotr humhlity
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Table 4 Concluded

FOR , E M C004FIG

DA7A RE Noo.0 W%2.s WOO.o
"IYPE PU RLPA "TXL C.R. O.6,1 D T6p, Taoc RE AAA F-5
PoLA o so BO

ALIcPHA~ 0~ VL. +7 .0L AZ a5 5  ___ DP -r24*i v , i r.r 415r
V_ -- 1.41 5G4,.

V- - -G.44 56

* TXL 10 o 0

r i

If

* Point Pause x Run" presented corroted nnd
- Continuous Sweep (-) to (+) uncorrected for nonuniforwities
+- Continuous Sweop (+) to (-) A Runs presented corrected and

uncorrected for humidity
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APPENDIX III

SAMPLE TABULATED DATA
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